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NATTIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-55k4

TRANSONIC DYNAMIC STABILITY CHARACTERISTICS OF SEVERAL
MODELS OF PROJECT MERCURY CAPSULE CONFIGURATIONS®

By William B. Igoe and Ernest R. Hillje
SUMMARY

The oscillatory longitudinal stability (pitching moment in phase
with displacement) and damping in pitch of l/9-scale models of three
basic Project Mercury configurations (reentry, exit, and escape) and
three modified reentry configurations were measured at Mach numbers
from 0.30 to 1.20 at angles of attack from 0° to 14°. Short tests of
the oscillatory directional stability (yawing moment in phase with dis-
placement) and damping in yaw were also made for the basic reentry con-
figuration. The models were sting mounted and rigidly forced to perform
a 2° constant amplitude, single-degree-of-freedom oscillation at reduced
frequencies from 0.0208 to 0.1849.

Results show that the reentry configuration generally had marginal
or negative damping in pitch and slight positive oscillatory longitudinal
stability except for instability at o = 4°. Results were generally
independent of surface conditions, reduced frequency, and Reynolds num-

ber for Reynolds numbers above about 1.10 X 105. Modifications to the
reentry body caused detailed changes in the measured parameters but did
not significantly improve the damping or oscillatory stability. The
reentry configuration with the antenna and parachute canisters removed
did show that the afterbody can significantly affect damping. The basic
exit configuration had positive damping in pitch but negative oscilla-
tory longitudinal stability at all test conditions. The basic escape
configuration had positive damping and positive oscillatory stability
in pitch except for instability above o = 10°. A general trend with
angle of attack for all configurations in pitch was for an increase

(or decrease) in the damping to be accompanied by a decrease (or increase)
in the oscillatory stability.

*
Title, Unclassified.
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INTRODUCTION

»

The National Aeronautics and Space -Administration has conducted a
broad reséarch program associated with the development of the Project
Mercury, a menned, nonlifting, reentry satellite vehicle. Reference 1
discusses some of the wind-tunnel and flight phases of this program.

One important aspect of the wind-tunnel studies was to determine the
stabllity characteristics of the various configurations of the Project
Mercury capsule. For example, reference 2 presents the results of a
static stability investigation at transonic speeds. This paper presents
the results of an investigation at transonic speeds of some pitching

and yawing oscillation derivatives measured in phase and out of phase
with displacement for l/9-scale models of several configurations of the
Mercury capsule obtained in the Langley 8-foot transonic pressure tunnel.

Models of the basic Mercury reentry, exit, and escape configura-
tions and three modified reentry configurations were tested by using a
forced-oscillation technique (ref. 3). Tests were made at Mach numbers
from 0.30 to 1.20 at angles of attack from 0° to 14° for various reduced
frequencies. Reynolds number, based on the capsule heat-shield diameter,
was varied from 0.55 X lO6 to 3.50 X 106. All models were oscillated
in pitch or yaw at an amplitude of approximately 2° about axes passing
through the full-scale center-of-mass positions.

SYMBOLS

The data presented herein are referred to the body system of axes
with moments referred to the oscillation axis. The coefficients and
symbols used are defined as follows:

A cross-sectional area based on d, 0.37Th sq ft
a heat-shield diameter, 0.690 ft

il frequency of oscillation, cps

k reduced-frequency parameter, %?

M free-stream Mach number

q angular velocity in pitch, radians/sec

r eangular velocity in yaw, radians/sec
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R Reynolds number based on d
v free-stream velocity, ft/sec
a angle of attack
B angle of sideslip
- 2
P free-stream mass density of air, Ab-sec”
ftlL
w angular velocity, 2=f, radians/sec
Cm pitching-moment coefficient,
Pitching moment about oscillation axis
Lov2Ad
2
. 3Cy
)
Vv
Cm°= acm
ve
ey = m
Mo ¥
Chpe = BCm
g, NER
A
Cmq + Cm& damping-in~-pitch parameter (component of pitching oscil-
lation moment derivative out of phase with displacement),
per radian

Cma - k2Cm. oscillatory longitudinal stability parameter (component
a of pitching oscillation moment derivative in phase with
displacement), per radisn

Yawing moment about oscillation axis
Jg‘-pvad

Cn yawing-moment coefficlent,
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Cnr - Cpe cOs a damping-in-yaw parameter (component of yawing oscil-
P lation moment derivative out of phase with dis-
placement), per radian
CnB cos a + kgcn} oscillatory directional stability parameter (com-

ponent of yawing oscillation moment derivative in
phase with displacement), per radian

A dot used over a symbol indicates a first derivative with respect «
to time.

MODELS, APPARATUS, AND PROCEDURE

Models

Drawings of the l/9-scale models of the basic Project Mercury
capsule in the reentry, exit, and escape configurations and the three
variations of the reentry configuration which were tested are shown in
figure 1. Slight modifications necessary to provide for sting clearance
during oscillation are apparent in figure 1.

Test modifications to the basic reentry configuration included
removal of the antenna and parachute canisters (fig. 1(d)), addition
of a 16.20 included-angle, solid diverging conical flare behind the
heat shield (fig. 1(e)), and installation of a 1/4-inch-thick vented,
spherical-segment heat shield mounted 0.21 inch forward of the basic
heat shield by means of six equally spaced mounting bolts and spacers
on a 6-inch-diameter circle and one on the center line (fig. 1(f)). v
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The axis of rotation for forced oscillation of the models was
normal to the longitudinal center line of the models at the proposed
center-of-mass position of the full-scale capsule. The modified ver-
sions of the reentry configuration used the same oscillation-center
location as the basic reentry configuration.

Apparatus and Procedure

Oscillation apparatus.- The models were mounted on an oscillation
balance which was forced to perform an essentially sinusoidal, single-
degree-of-freedom motion of constant amplitude. A motor-driven Scotch
yoke arrangement provided oscillatory motion and allowed control of
oscillation frequencies up to 21 cycles per second. Strain-gage signals
of the model angular displacement and of the moment required to sustain
oscillation were resolved into orthogonal components so that the moments
in phase and out of phase with the displacement could be determined.

The in-phase component, when corrected for the mechanical spring constant
and model inertia, gave a measure of the oscillatory aserodynamic stabil-
ity. The out-of-phase component, when corrected for the tare or wind-off
damping, gave a measure of the aerodynamic damping. A description of

the oscillation mechanism, the technique of taking measurements, and
data~-reduction procedures are given in references 3 and k,

The oscillating balance and models were mounted on a sting-support
strut which is capable of an angle-of-attack range of -4° to 14°. Cen-
ter of rotation of the support strut was about 2 feet behind the model
oscillation axis. This location resulted in a slight displacement of
the model center from the tunnel center line as the angle of attack was
varied.

Wind tunnel.- The tests were made in the Langley 8-foot transonic
pressure tunnel. This tunnel has a rectangular test section with slots
in the upper and lower walls allowing continuous operation through the
transonic speed range with negligible choking and blockage effects.

TESTS

The tests were made at Mach numbers from 0.30 to 1.20, at angles
of attack from O° to 14°, and at oscillation frequencies from 6 to
15 cycles per second which gives a range of reduced frequency parsm-
eter k from 0.0208 to 0.1849. The amplitude of forced oscillation in
pitch or yaw was 2°. Tunnel stagnation temperature was maintained at
1220 F and, for most of the tests, the tunnel stagnation pressure was
one atmosphere. A limited amount of data was obtained for the basic




reentry configuration at stagnation pressures of 0.25, 0.5, and
1.6 atmospheres. Reynolds number, based on heat-shield diameter, was

varied from 0.55 X lO6 to 3.50 X 106 as shown in figure 2. For some
tests, transition-causing roughness in the form of sparsely distributed
No. 36 carborundum grains was applied to the heat-shield face in a
1/8-inch-wide band on a circle approximately 6 inches in diameter. The
roughness size was estimated on the basis of the criteria presented in
reference 5.

A list of the configurations and test conditions for which data
are presented is given in table I. All six configurations were oscil-
lated in pitch to determine Cmq + Cm& and Cp, - k2cmé. In addition,

the basic reentry configuration was oscillated in yaw to determine
Cn, - Cné cos a and CnB cos a + kecni.

RESULTS AND DISCUSSION

The test results are presented in terms of the variations of the
oscillatory stability and damping parameters with angle of attack for
various reduced frequencies and Mach numbers. A list of figures pre-
sented for the various test condlitions is in table I. The sign conven-
tions are such that negative values of the damping-in-pitch parameter
Cmq + Cm& and the damping-in-yaw parameter Cnr - Cné.cos o mean

positive damping. Negative values of the oscillatory longitudinal
stability parameter Cma - kzcm(.1 and positive values of the oscillatory

directional stability parameter CnB cos a + kECn. indicate positive
by
oscillatory stability.

Dynamic Characteristics

Reentry configuration.- The basic reentry configuration had negli-
gible or negative pitch damping at all Mach numbers and angles of attack,
except for positive damping at a = 4° for Mach numbers sbove 0.60.

(See fig. 3.) Iow oscillatory longitudinal stability was evident
throughout except for instability at angles of attack of about 4O, The
static Cma for the reentry configuration of reference 2 shows a similar

tendency at angles of attack near ho, although the static data do not
show an actual change in sign. Reduced frequency had no appreciable
effect on either parameter. There was no noticeable difference in
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results of tests with and without transition roughness. (See figs. 3
and 4.)

The effects of Reynolds number are shown in figure 5 for. tests at
tunnel stagnation pressures of 0.25, 0.50, 1.00, and 1.60 atmospheres
for Mach numbers of 0.60 and 1.20. The primary effect of decreasing
Reynolds number from the values obtained at a stagnation pressure of
one atmosphere to the lowest test values appears to be an increase in
the effect of reduced frequency on the oscillatory longitudinal
stability.

On the modified reentry configurations, the removal of the antenna
and parachute canisters from the basic reentry configuration showed an
increase in the oscillatory longitudinal stability and a decrease in
the damping in pitch at U4° angle of attack. The effects upon these
parameters emphasize the importance of afterbody shape for configura-
tions of this type. (See figs. 3 and 6.) The addition of a diverging
conical flare to the basic reentry configuration caused detailed changes
in the damping and oscillatory stability but no significant improvements
in either parameter. (See figs. 3 and 7.) The use of a vented heat
shield showed no particular change in damping or oscillatory stability
except for a small decrease in pitch damping near a = 4O, (See figs. 3
and 8.)

A general trend with angle of attack for all configurations was
for an increase (or decrease) in the damping in pitch to be accompanied
by a decrease (or increase) in the oscillatory longitudinal stability.
This same trend is also shown in the data of reference 6.

Comparison between pitch and yaw oscillation data (see figs. 3
and 9) shows the same level of damping and oscillatory stability at
a = 0° which is to be expected for a body of revolution. The increase
in positive g mpihg that occurred during the pitch tests at an angle
of attack of “4° 'was reduced in magnitude during the ysw tests and
occurred at an angle of attack of about 8°.

Exit configuration.- The basic exit configuration had positive
pitch damping (a negative coefficient) and oscillatory longitudinal
instability (a positive coefficient) for all the test Mach numbers and
angles of attack. (See fig. 10.) There was no appreciable effect of
reduced frequency.

Escape configuration.- The limited data for the escape configura-
tion in figure 11 indicate that for all Mach numbers the model had
positive pitch damping at all angles of attack and oscillatory longi-
tudinal stability except at angles of attack higher than about 10°.
The static data for the escape configuration of reference 2 show the




same results. Reduced ffequency effects on both parameters were
negligible.

Comparison of Oscillatory and Static Stability Results

The static stability derivative Cma which was obtained from

reference 2 is compared with the oscillatory longitudinal stability

parameter Cma - kgcm(,l in figure 12 for o = 0°. Static Cma may be

thought of as the oscillatory stability parameter at a reduced fre-
quency k of O. The static and oscillatory longitudinal stability
parameters are in good agreement showing that there are no appreciable
frequency effects for these test conditions. (See fig. 12.)

SUMMARY OF RESULTS

The transonic damping and oscillatory stability characteristics
of the reentry, exit, escape, and three modified reentry configurations
of a l/9-scale model of the Mercury capsule have been investigated by
using a forced-oscillation technique. Tests were made at Mach numbers

from 0.30 to 1.20, Reynolds numbers from 0.55 x 102 to 3.50 x 109,
reduced frequency parameter from 0.0208 to 0.1849, and at angles of
attack from 0° to 14°,

The results are summarized as follows:

1. The reentry configuration had marginal or negative damping in
pitch except for positive damping near a = 4O above M = 0.60 and
had slight positive oscillatory longitudinal stability throughout except
near a = 40, The damping in pitch and the oscillatory longitudinal
stability were generally independent of reduced frequency and model
surface conditions for Reynolds numbers above about 1.10 X 109,

2. Addition of a diverging conical flare or a vented heat shield
to the basic reentry body caused detailed changes in pitch damping and
oscillatory longitudinal stability but did not improve either parameter
sufficiently to warrant consideration. Removal of the antenna and
parachute canisters showed an appreciable effect of afterbody on
damping.

3. The basic exit configuration had positive damping in pitch but

negative oscillatory longitudinal stability (instability) at all angles
of attack and Mach numbers.
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4. The basic escape configuration had positive damping at all
angles of attack and Mach numbers and had positive oscillatory longi-
tudinal stability for all Mach numbers at angles of attack below
about 10°.

5. A general trend with angle of attack was for increases (or
decreases) in the damping in pitch to be accompanied by decreases (or
increases) in the oscillatory longitudinal stability for all configura-
tions of the investigation.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., May 17, 1961.
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Figure 2.- Variation of Reynolds number with Mach number for
test stagnation pressures.



18

*UOTFBINSTIUOD AIIUd3X OISBg

raxsuydsom}e QQ°T = aanssaad uorrrUIRIG

‘UOTRTSUBIY PSXTH
*sISqUNU YOB) SNOTIBA JOF YoBY1B JO 3TIuB Y3TM Jaromexed

L£1TTTORYS TRUTPNYIISUOT AX03eTTIoso pue gajsweaed yojtd-ur-Sutdmep syj JO UOTJBTIBA -'¢ SINITJ

*06°0 03 060 = W (®B)

Fep o fep ‘v
fit 41 ot 8 9 ki 4 0 T e ot 8 9 T 4 o
8- e
0 = 06°0 = N
06°0 =N wmmm” Anw
- mwMo.o o] e -
O ——
B = 0 = N )
1 T
mol + + N'
08°C = N oglor O |080=N (0}
oghor O
2620°0 O
- w.u x T- mO
a 4 o
e i & R +
@’ 0 — U o
il [¢)
<k k.
93
3 L T
- T-
09°0 = X
TllLr 0 mmmw” A_w D &g H— - 0
09°0 =N 00 O
_ x
Lo T
- " -
—> | mﬁo“ ADv 050 = N
e p olo*o O | m'
0 b S — p— 0
05%0 = N ¥ Y & ) | ”mm
_ do T




19

‘papnTouc) -°¢ axndtdg

*02°T 03 96°0 = W (Q)

Sop *p Bep ‘v
T et ot 8 9 i 2 0 (s et ot 8 L 0 -
%=
‘T =N Go® 02°Tt = K
=T 7, >
._._ol " =
o e
4 L ol 0
0 [0
L T
. -
ki o O go°T =N
Reor O
o §£20°0 O § 0
Qo' T=Mn X
|| 5’
L nw J T
1
8- o 2=
00°T = M Mw 00°T = X
O’u
1o bw \‘\mr I~
D
iT’l \J b LI\
6 o B8 Y 0
theoto O
L ’ p T
.- -
96°0 = K K 96°0 = K
&
£290° 0
0 wmmo. m
fz0*0 O
2 )
L T
- »

Te9T-1

b
TWo g Twg

-




0 400 ¢ v o
e o

20

L-1621
? s A

*axoydsomye QQ°T = oInssaxd uoTlBUIBLS UOTFTSUBIY

954 ‘UOTQBINITIUOD AIJU9dX OTSBYg °*SISQWNU YOB SNOTIBA JOJ ¥oBAIB® JO 9TIuB U3TM JIs318weIed
£4ITIqRIS TBUTPn}IduoT ArolreTTIoso pue xajsusred yogTd-ur-Burdmep oYz JO UOTFIBIIBA - SINJTJ

*06°0 03 0£°0 =KW (®)

Sep ‘v 8op ‘v
LS 2T 0T ] 9 L 2 1] L (S E19 114 ] 9 L 2 0
s 8- 2-
06°0 = X . 06°0 =X
wwNw. m P
ye- ¢920°0 O \\ // 1-
b 1
//
T 01— | o S R T I B N\ o
e YT o /%
L T
8- . 2-
0g8°0 = X mmmmmo m 030 =K
- A \M\ / -
o o B TS AN
0
= d - i
P
v <B _ T $
:... WAJI - Dm.
| ] "4
g . S -
- 0 shee: 1\% : = 0
bl MN W.o m ) lw
[ 1
090 =N e T
. -
_ " 64t m 0€%0 = X
S siilovo O .
D I.@l/ L o L b— o B — 0
5] mﬂ_ 1 (o)
0£°0 = it | I Y
| L T




- *pPIPNTOUC) - SINITI
"02'T 03 96°0 = W (Q)
8ep ‘v Rep ‘v
n 2T ot 8 9 f 2 [ T 2t ot 8 9 b 2z 0
eoe 8- 2=
uooon 02°T =K . 0z°t = X
o%o. m
e . o gozo0%0 = N T
'YX X X x
eoses , L ’ @lll.%ll/ \,G R —8——|
Y ? )
XYY .. .
YY) " T
o @ _ - -
. 0 u h % \F %/ _ <
. 1| 1
N .. ’@l — o . - [}
H B 8 N
i s o 0T = X ) Mmmw..o e /W
>0 " €0°T=N T
; 5 [ ]
1} ° ] o 4
se o wO
. 00°T = X s \A._W 00°T = X o,
[ ] ~% (9]
A4 o) q 3
° [d - 3 i, ¢ -
"o"au \%
oo I - - o L] mw\ .
Senve | z090° O
Y égoc O
200 O
7 E T
8° e
8- z-
96%0 = K 96%0 = X F
s290° O
v B8 A -
bl
¢ i == — 0 = o
N
1 T

T29T-1 <t S



[ A XXX}

22

1~-1621

& L4 @
‘UOT3TSUBIY PSXTH .QOHP@HﬂMﬂMGOO.bHPGwOH
oTSBY ‘Oc°T pus O@.O =} JI0F sIaqumu m@HOthm SNOTILBA 3B OBL3B JO OHMQM UJitm Hmpwﬁdth

'09°0 = H (®)

£1TITTqB2S TBUTPN3ITIUOT AI03BITTos0 pue xsjawssed yogId-ur-Burdwep JO UOT3IBTIBA -'C 2IN3TH

Fop ‘v Sep ‘v
ft 2T oT 8 9 f z 0 - s a ot 8 9 | 0 -
I@[.///@ 8 o 4 L} @ 0
. 2 Nw|| [§7) .
AncuonmnoEaa 09°1) Anohoznmoaau 09°1)
Y ﬁ xmm.m.nm OT X 06°¢ = ¥
9° - 9 1
- T
L 45
—— 0 Gl i - ¥ 0
T e
Ao.no:nnoean 00°1) Amuoﬁmos»u 00°1) /mw
%H_x m_H.m_u q wO 90T X 61°2 = ¥ mO
i Q T o
L4 +
. 5 #ol \I_/ - o
A_W 3
nWﬂO. - Imun Q.
[
] ¥ 3 a1 I & [ i
* Aouwnaaoaon 0$°'0) T [0} (eaeudsom3® 0§*0)
N wo._”_ x o_ﬁ..n - ¢ woa X 0T°*T = U D
. 4 f T
g~ [l
u//l - -
a
O e ] T 1 19 .
nnum 0 0
(sqeydsomye ¢z°0) r A (eaeuydsowre ¢z-Q)
0T x 660 = ¥ 6i60° O 0T X §6°0 = ¥ t
9 v geeor o chge O ? T
6L¢0°0 O
b3




23

F4 ot

—— |

(etaydsomy® 00°T)

wo.n.x g6z =

Ao.—oﬁmoeﬁ 0%°0}

t t t
T°T =4
§OT X 9%°T

T ..xm

(easydsow3® $z°0)

wo,n.x m.hoo .n S

T29T~1

spopnTouUoc) -°¢ 2INITI

8°-

-

*.—c

‘02T =R (q)

et

ot

Bep v

R

(9aeydsoune (0O )

* um
woﬁxmmm

AT N

\

t?ullgz(l?'l\_"') - "o

(@qeydsowy® 05°0)

moﬂ xofpPT =8

2

\ ~

e

( egeydsowys §2°'0)

0260°
6¢c0® 03 TL20®
8020°0

b 4

<
]
@

0T X gle0o =14

9

N'
Hl
0
T
Nl
O
3
-
+
(@]
3
Q.
0
T
NI
.ﬂl
0
1



*00 o oo
o
L
.

L 4

2L

1~1021
s ]

~axsydsouge QQ°T = sansssad UOTFBUIRLS

‘WOT}ISUBI] DPOXTd 'POAOWSI SIS3STUBD 93nydeied PUB BUUSIUB YITM uoT}eINSTIUOD
LI1qusag oTseg *SJIOQUNU YOBW SNOTIBA I0J YOBI3® JO STJue yIa Jaqeuweaed L£3TTTqBIS
TeUIpPn] ISUOT L103BTTIOSO pue Jojswesed yoatd-ur-gutdwep SY3 JO UOTFBIIBA -°9 2InITd

‘0g°0 0% 0£°0 = W (®)

Jop ‘v fep ‘v
T 2T oT 8 9 f 2 o , s 21 0T 8 9 L 2 0
— .- 1-
03°0 = K 03*0 =N
i
Q——&r {; -0——0——¢ Z6z0° -]
© g 0 00 O Qi) 4 =t 0
L T
- -
09°0 = X o 09°0 = R
3 3
10 o 09 ) % & :
- 0 g S ° 4
A_m gngo: O o
~% 20lo* m 3
., O 6lgdco a
1 3 b} T
£
:ol HI
0¢*0 =K 0£°0 = W
e— — & e O @ F 8 ral PN
0 iﬂmﬁ. AR & t—t 0
ofiloe O P ./mu
q
i T




25

(X X ]
° L4
s0000
[ ] L4
'Y} XJ
(Y X X2

s 88 & & 09

*pspnTouc) -'9 SINITJ

"CT°T 03 06°0 = W ()

Bop ‘v Sop ‘o
(s 2T ot 8 Ll 4 o . r at oT 8 9 4
; fo-
GI*T =N T = N
TlAV —p { |¢|\Lw o h Py g
mm or O
9o 0
. 6tz0°0 O
Kl x
g
00°T = X - wO ot o n
& ,
O O —r o——o— . | _ .
e 2090°
<k 8% 2
0-6 HﬁOOO O
3 x
F-14
T T A_.aol ’
060 =X 06°0 = R
A\ AV AV \U ﬂl ’ ¢
o s90° < .ﬁ
Mmmo. a
920°0 O
X
:o
h ]

TS9T~1 s ~




1-1621 ‘ :

raxaydsouye QO°T = 2ansssxd UOT}BUIBLS “UOTFTSUBIL @Mwm%m LMMMHWmMMMMMMM
* I0J ¥o®33E® JO I
Krqueax oIseg *SISqUNU YOBW SNOTIBA e
mﬁkammwwwmmwmwmquow AT03BTTT0s0 pue gdjomexed yoqTd-ul-Butdmep syl JO UOTIBTIBA -°J)
FTTT I I I

*06°0 03 0£°0 = W (B)
fop ‘v
. 2
ot wwoo um 0 it 2T o1 8 9 b o
4 N
T 8 050 =" -
05°0=R wm wo m AV .
82¢3.
Sl - mwmw_ 0 i \ /
L X X ]
N \AV
u..uou /@/ \ﬁ 1 0
o ° &
ave
L ] " A .ﬂ
" d — T -
. - Lo - ! w
: ! oo = [oao=n | | [ [ [ <
2620°0 O ; by ; ,
[ ] L ¢ W /:/Av/ X y | , 0 .
. 0 9 ”
. ) Ll ¢ 5 W
. S :
“ .. 03°0 =X q * 3
(L XX X .-—ol AWL m ~
".".. - O\ H
. — 2 > 5 )
eses = : — 0 030 = X P 9
eocee a . , m
P ammo.o MW _ M .
s0c0 ¢ 03°0 = X v x ‘
. ) .3 T
[ ) ,.. ‘ .
*e _ :.l m .
Pe = Mmli i 3 «v \ .
@\\\J 0 | \1.'[ G :
aa ﬁuow : ] ¢ ,
[+] [ : . i
X 0£°0 = X i ” :
No) 0z*0 = X -
Q




27

[ X X ]
L] L]
0000
L} L
e o O
(XXX 2]

ses0d

L 2]

‘pepnouo) -°), SaAnITg

'02°T 0% 9%6°0 = W ()

0T

fop ‘v

Hl

¢ o

o
[}
-ujo+

96°0 = R

Bop ‘p
It 2T ot 8 9 y 2 o - -
-
02°T = K 0250* o =
R ADv 02*T=n
_ g8020°0 O _
0 7
L gggo® O | €T =N
g0 O
¢20°0 O
0 | mwm
€0°T = R kS o
| ] 3
8°* |
e T
00°T = N 8 IA._W. oo
[3)
3
-
—0——
\\B 2090°
I ote- M_v
0 THe0*0 O ﬁ
9 Jw\
:.
0 = - €290°
960 =X Momo. m >
R fzo*o O
% )]
0
»

T29T-1 . .




28

1-1621 , )

saxaydsoui® QQ°'T = aInssaxd UOTIBUIBLS °‘UOTITSUBIY PIXTA
*SISqUNU YOB) SNOTIBA JOJ 30BAJR® JO 9T3uB UITA I939wWexsd

£4TTI9B3S TBUTPNATSUOT AL103BTTTOS0 pue Isjawesed yo31d-ur-Burdmep SUj JO UOTIBTIBA -°Q Ehareay

UITA UOT}BINTTIJUOD AIJU9sI OTSBg

*PTOTUS 989y poOjULA

Sep ‘v Fep ‘o
1t 48 0T 8 9 i 2 0 ft 49 8 9
" GI°T =N
fo N —
A — —0———
0 (0 g
Q
I'T=H ggor O
1 m:mo. w}
Gr20°0 Q
R
g
- o 00°T = K
00°T'= K 3 _ ,mw
[-]
O—— L
—r 1 [l&\&v\ o \|_/ m\ \% &
M._m\r 2090°
% L6¢o* O
o 1hzoto C
r 3 b
03°0 = K N 03'0 = K
Lo —{—— § hv\ Ilh 4 —
S = 0 oclor O b=
6Lgocs O
26200 O
b3
*.—-
09°0 = K - geor O | 09°0 =W
&% 3
IAT/ & 0 b4 &\
.l
:o




N
eV

*axsydsomye OQ°T = aansssad uoryBUIRIS “UOTITSUBIY POXTL
*UOTIBINITIUOD AIJUSSI OTSBY °SJIOQUNU YOBR SNOTIBA JIOJ YOB}IE® JO STIU®R UM Joqomexed
£9TTTIQBYS TBUOTAO9ITP AI0]BTTTOSO pue Ixsjomexsd mel-ur-Burdmep syj Jo UOT3BTIBA -°*6 SINBTJ

Sep ‘v Sep ‘o
1t 4 or 8 9 L 2 0 L1 et oT 8 9 L 2 0
G r=x - STt =n T
¢g00 O
. kgL le—rre :
S & 1 I~ &
_ | d 8
ki T
. -
060 = X a gsgor < 06°0 = X
T680° O P
€920°0 O 1 ~{
b { N
||IAU i} 0 NW //HW 0
| .. .
. f- duO — - ©
08°0 = X m 080 = X i
) - |
o I 8 o
[ + ———— 0 .gmm
o— —® g oo O ~3
étho* O m
_ ~Lg 2620°0 O
*r o b i a
09°0 = N i 09°0 = X -
&
i 0 @ % - )
o 5 ) . o ———
mw %8
Ly T
0£°0 = K - 0¢°0 -.: r
@ m._.aw” <& @/ A 0
A 81| ° ofilo®o m — p
n —
L T
¢ ‘» » - >

12911



see

30

EER g

‘UOTFBINTTIUOD 3TXS OTSBY

1-1621

‘agoydsomye (QQ°'T = 2anssaxd UOTIBUIBIG

*UOT3TSUBIL

*SI9qUMU YOB) SNOTJIBA JOJ 0BI]B JO 9T3uB UjIu Jo3rowexed
£1TTTQRIS TBUTPNITIUOT AI03eTTIoso pue Jogawsxed yo3Td-ur-Juldwep ay3 JO UOT}BILBA -°0T Eharadt

‘06°0 03 0£°'0 = W

Bep ‘v
1t 21T ot 8 9 f Y
05*0 =K
\\ Tt
N T
g
0
080 =M
g 4
— T —— .
o R—— LAW |
g
0
09°0 = K
¢ I ) A 8 _— k@ .
g & 1
g
0
0z*0 =R
B—T—0— &—— - m -
m.

) PI‘S")— °UJO

.mo

(®)

Bep ‘p
(s et 0T 8 ki 2 2=
690* & 060 = R
£920°0 O
X L -
&0
—0] \
08°0 = I B &
i § 3
X \\\ T~
— | Iy
0
NI
09°0 = N
616 & x
0°
6L£0°0 O — 1-
X L 1
D 6 4
]
Nl
0g*0 =N
1300184
6glo° m
ompo.o @) I-
X o
\ ] N
0

"o+ o




31

(XXX L4

[ 4

* .
e S00 O o OO

[ X 2 ]

[ 4 L 4
e [ 2R
[ ] L
L X X J

L a]
L]
*
[ ]
o0

*pPapPNTOUO) -°QT SJINITJ

"€0°T 03 9%6°0 = W (Q)

fep ‘v
L (3 et oT 9 ] o
oL = K
a8 b -
m.
2°1
0
00°T = 1
- — (9]
G P By 2
|
%
QI o
o &
96°0 = M
J$ e
' 8°
»

Teo9T-1

3

Sep ‘v

L (s 21 otT n o .
'T=N
. D
mmmo.o w b -
3 T
0
. z-
2090°* 00°t = N
ﬁmwo.o w o
x = -
‘ P .
. L —T WAJ
o 8
Nl
96°0 = X
ﬂl
o0 O 8
.o O
0
* 3



I-1621 R , , .

‘axaydsouy® QQ°T = aJInssaxd UOT}BUIBLG “UOTITSURIL

d
?9x ‘UoTIBINITIUOCD 2dBOS3 OTSBY 'SISqUNU UIBR SNOTIBA IOJ HO0BIB JO mawqm Mpwmwnw¢wﬂmmwzmHh
hpa%anﬁpm.ﬂdﬂﬂvmpﬁmQOH £1078TTTOS0 pue xsqjameasd yogrd-ur-Burdwep sy3 JO UOTIBT T

Bep ‘v
Bep ‘v . .
9 L H
ot 8 9 Y z 0 n et ot 8 -
mn 2T o
SIT =X V]
NI
% :.' /
GO* /%/
\\ W%mo. m GT°T =N // -
“ooes §t20°0 O
) ) < 0 n Tt
(X X 2
1
(XXX X ]
* & o .
s =8 . B
toe . | .
: B co° TeN
* 0T = W mw. m €0'T=N
‘e G¢z0*0 O
L] u 4 .
[ ] »—-l
o
[ ] W WﬂJ
. ) 0 o
® 0 | m N
o g*- A_m. wO
2 a
. 96°0 = K _ mO ﬁ .
° oo n = N
-
(XXX X
(A XX X ] m.O — |
e @ . coo0r o 9 .
. 6T ou a
s 00 @ m.:w_o 00
oeoae .
e a'a _ "
* [ ) ml
(A X X ¥ ] Q.l n
| 060 = N
ooooo 06°0 = K ﬁ
N.l
\
w—ol - ~— \\|||NW/A/
e g 9 5
€920°0 O 8 .
N, \\ o X
d—
QA : .
M i




] f, cps wd/V
v O 6 00740-00208
O 15 .1849- 0520
— 0 (ref. 2)
.8
Basic exit configuration
N
J = &
. —4—f o
—
N BN
0 AN
0
b
g Basic reentry configuration
o2
3>
AT, 10]
|
. 2] <> LH&% g
£ ~
o oemme
. -
0
Basic escape configuration
-.)4 O
SN
"08 .
0 .2 b .6 .8 1.0 1.2
- Mach Number
. Figure 12.- Comparison of static and dynamic pitching coefficients with

Mach number for the exit, reentry, and escape configuration at a = 0°,




